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(54) A coupling member for coupling an ink-jet recording head to an ink cartridge wherein a filter arrangement 

Is contained within the coupling member 

(57) A coupling member capable of coupling an ink-jet recording head (6) to an ink cartridge (20) is disclosed 
wherein a filter member (32) is arranged in an ink supply channel so that the area of the filter member (32) is 
greater than the cross-sectional area of an upper throughhole (15) and/or a throughhole (14) so as to assist in 
the smooth flow of ink without disruption from the ink cartridge (20) through a second filter member (31), a 
throughhole (27), an ink supply needle (16) and throughholes (15,14) to the recording head (6). Several other 
inventions relating to ink-jet printers are disclosed, in particular arrangements for making the mounting of ink 
cartridges onto Ink supply needles easier than at present (see Figures 13 and 15). 
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FIG. 3(a) 
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FIG. 12(a) 
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INK-JET RECORDING APPARATUS 



The present invention relates to an ink-jet recordina 
apparatus which ejects ink droplets from nozzles to write a 
recording image such as characters on a recording niedium, and 
more particularly to a structure of an ink supply channel for 
introducing ink froir. ar. ink storage tank zo -nk-^^r 
recording head . 

An ink-jet recording apparatus which ejects ink 
droplets from nozzle openings to print characters and images on 
a recording medium is provided with a filter plate between an 
ink tank and a recording head in order to elir.inate dust 
particles and bubbles in ink. 

However, as the number of nozzle openings croviced in 
- recording head is increased zo 64 and further zo 123 for 
improving the resolution cf printed images to permi- a larcer 
amount of ink to ilcw from the ink tank to the recording head, 
larger head losses are induced by the filter plate for 
preventing foreign substances from flowing into the recording 
head, vmereby supply of ink to the recording head cannot catch 
up v/ith an amount of ink consumed for recordinc. 

To solve the prcbleir. as mentioned above, the opening 
area cf the filter plate need be increased to reduce a flu*'c 
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resistance of the filter plate. However, this resolution would give rise :o another 
problem of causing an uneven flow of ink through the filter plate, stagnated bubbles, and 
eventually a degraded printing quality. 

The present invention has been made in view of the problems mentioned above, 
and its object is to provide an ink-jet recording apparatus which is capable of maximally 
reducing a channel resistance and of uniformly passing ink through a whole filter plate. 

Another object of the present invention is to provide an ink-jet recording 
apparatus which is capable of reducing a mounting force required to mount a cartridge to 
the ink-jet recording apparatus. 

According to one aspect of the present invention there is provided an ink-jet 
recording apparatus comprising: an ink canridge for storing ink; an ink-jet recording 
!iead for ejecting the ink: an ink supply channel connecting the ink canridge and the ink- 
jet recording head, the ink supply channel having a portion inclined in relation to the 
horizontal direction formed in the middle of the ink supply channel: and a filter plate 
placed so as to diagonally traverse the inclined portion. 

.Accordini! :o another aspect of the present invention, there is provided a coupling 
member for coupling an ink-jet recording head to an ink cartridge, the coupling member 
having a body with a plurality of ink supply channels formed therein, each of said 
channels terminating at one end thereof in an ink supply needle formed on said body, the 
ink supply needles, in use, engaging with supply ports of the ink cartridge to supply ink 
to the recording head, wherein the ink supply needles are arranged such that the 
resistance which occurs when each needle engages each supply port occurs at different 
limes for different ones of the needles. 
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Fic. 1 is a diagram illustrating one embodiment of an 
ink- jet printer to which the present invention is applied; 

Fig. 2 is a cross-sectional view illustrating one 
embodiment of an ink supply channel connecting an ink cartridge 
with a recording head used in the printer of Fig. 1; 

Figs. 3(a) and 3(b) illustrate enlarged views of the 
vicinity ci a second filter plate placed in an ink supply 
channel in the printer; 

rxt^^ . -s ^ a ; WW 1 \x; ; x X x ci^a t-x a ex? cnia"rgeu GXOSS- SecCXOna i 

visv/s cf one embcdiinent of filter plates and an enlarged viev; 
of an unv/Gvsn fabric; 

Fig. 5 is an exploded perspective view illustrating one 
embcdinient cf a recording head; 

Fig. 5 is a cross-sectional view illustrating an 
embodiTient of ink supply channels which are applied to the 
recording head of Fig. 5; 

Figs. 7(a) and 7(b) are a cross-sectional viev/ 
illustrating in an enlarged viev/ the vicinity of the filter 
plate in the ink supply channel shown in Fig. 6, and a top plan 
view illustrating the structure of a filter chamber on the 
holder side, respectively; 

Figs. 8(a) to 8(c) are a cross-sectional view 
illustrating one e.Tibodiment of ink supply channels suitable for 
supplying ink from a single ink supply needle to a number of 
corr-.on ink chambers, and a top plan view and a cross-sectional 
vie-.v illustrating the structure of a lower filter chamber; 

\ 
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Figs. 9(a) and 9(b) are a cross-sectional view 
illustrating another embodiment of the ink supply channels and 
a top plan view illustrating the structure of the channels on 
the filter chamber side; 

?ia. 10 is a diagram illustrating another embodiment of 
the channel structure in a positional relationship between an 
ink supply needle and throughholes communicating with a 
recording head to form ink channels; 

?ic. 11 is a diagram illustrating another embodiment of 
rhs channel structure in a posi::ional relationship becween an 
ink supply needle and throughholes ccmmunicaring wizh a 
reccrdinc head to form ink channels; 

Figs. 12 (a; and 12(b) are a perspective view and a 
cress-sectional view respectively illustrating the structure in 
the vicinity of a cartridge holder and a recording head, 
remcved frcm a carriage, in a recording apparatus using light 

Figs. 13 ;a; and 13.;b; are a cross-sectional viev; 
illustrating the structure of the head frame and a top plan 
viev; of the same except fcr ink supply needles; 

Fics . 14'^ a} and 14 (b; are a top plan view and a cross- 
sectional view of a channel, taken as an example, illustrating 
one embodiment of a channel v;hich connects an ink supply needle 
tc an ink introducing pert cf a recording head; 

Fics. ISia;. and Ir.'bj are diagrams respectivelv 
illustratinc a state in -.vhich an ink cartridi-e is beinc 
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mounted ; and 

Fig. 16 is a cross-sectional view of a channel, taken 
as an example, illustrating another embodiment of a channel 
which connects an ink supply needle to an ink introducing port 
of a recording head 

The presenz invention will hereinafter be described in 
CQxmaczLon with several embodiments thereof which are 
illustrated in ce-ail in the accompanying drawings. 

rig. 1 illustrates an ink-jet printer which is provided 
v;ith an ink- jet head unit according to the present invention, 
wherein reference numeral 1 designates a carriage which is 
supported zy a guide member 2, connected to a step motor 4 
through a timing belt 3, and mounted for reciprocal movement in 
parallel with a platen 5. 

The cartridge 1 is equipped with an ink- jet recording 
head 5, later describee, removably mounted on its lower surface 
and a printing ur.it 7 also removably mounted on its upoer 
surface. The reccrdinc head 6 is supplied with a drivinc 
signal through a flexible cable 8. Further, in the dravving, 
reference numeral 9 designates a recording sheet and 10 
designates a capping means for sealing the recordino head v;hen 
printing is not performed. 

Fig. 2 illustrates one embodiment of the printinc unit 
mentioned above which comprises a holder 11 mounted on the 

|bad original 
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cartridge 1 and an ink cartridge 20 acconunodated in the holder 
11. The ink- jet recording head 6 is positioned on a surface of 
the holder 11 opposite to the recording sheet 9, i.e., on the 
lower surface in the embodiment. 

The recording head 6 is connected through a flexible 
cable 13 to a terminal plate 12 which provides removable 
electrical connection with terminals, not sho^sTi, on the 
cartridge connected to the flexible cable 8 of the printer 

An ink cartridge 20 has its inner space partitioned by 
a well 21 into two regions, i.e., an ink chamber 22 for storing 
ink as it is and a foam chamber 24 filled wirh a porous foam 
material 23, such that these two chambers communicate v;ith each 
other by way of a throughhole 25 bored through a lower portion 
of the wall 21. 

On the bottom of the foam chamber 24, a protrusion 26 
is fornied for urging the bottom of the fear, material 23, and a 
thrcughhcle 27 is formed through the protrusion 26 for defining 
an ink supply channel. The protrusion 26 is further provided 
•.vith a first filter plate 31 on the top thereof and with an ink 
supply port 28 for receiving an ink supply needle 16 on the 
bottom thereof, later described. 

The holder 11 is provided with the ink supply needle 15 
implanted on its bottom. The ink supply needle 16 has the tip 
formed in a needle shape tc allow an insertion into a packing 
30 through a seal 29 which seals the ink supply port 23 of the 
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ink cartridge 20. Also, a lower end surface of the ink supply 
needle 16 is formed with a throughhole 15 connected to an ink 
channel 14 communicating with the recording head 6. 

In this embodiment, a filter chamber 33 having a second 
filter plate 32 as illustrated in Figs. 3(a) and 3(b). is formed 
between the lower end of the ink supply needle 15 and the 
throughhole 14 communicating with the recording head 6 in the 
middle of the ink supply channel as mentioned above. 

The first filter plate 31 is formed of sintered unwoven 
fabrics 40, 41 made of stainless sreei v/ires all having a 
diamerer of approximately 5 ^im, i.e., finer steel v/ires havinc 
a diameter 1/10 smaller than that of steel wires used for 
twilled filters. The first filter plate 31 is added to a mount 
26a on the protrusion 26 so as to cover the throughhole 27 
communicating with the ink supply port 13. 

.^jtiong these unwoven fabrics 40, 41, the first unv;oven 
fabric 40 located on the recording head 6 side is formed as an 
unv;oven fabric which has a small thickness and a sufficiently 
high void ratio so as to provide a filter which has e small 
mesh size and a lowest possible channel resistance, in other 
v/ords, a filter which exhibits a small dynamical pressure loss, 
i.e., a lev/ channel resistance, when ink is supplied to the 
recording head, and a highest possible meniscus magnitude. The 
second unv;oven fabric 41 laminated on the inside of the unwoven 
fabric 40 is formed as an unwoven fabric which, although a 
?«-"iwularly high meniscus magnitude is not required, has a 
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sufficient thickness to reinforce the first unwoven fabric 40 
and a lowest possible channel resistance. 

The second filter plate 32 placed to cover the 
throughhole 14 communicating with the recording head 6 is 
implemented by a sintered unwoven fabric made of stainless 
steel wires having a diameter of approximately 5 .urn, as 

illustrated in Fig. 4(b), similarly to the first unwoven fabric 
4C located on the ink cartridge 20 side. 

The second filter plats 32 Ls formed as an unfe^over. 
fabric which has a small thickness and a sufficiently high '/old 
razLo so as to provide a filter which has a small mesh size and 
a Icv/est pcssible channel resistance, in other words, a filter 
v;hich exhibits a small dynamical pressure loss, i.e., a lev; 
channel resistance, when ink is supplied tc the recording head, 
and a highest possible meniscus magnitude. 

Since the second filter plate 32 has one side protected 
by a head fracie 11a cf the recording head 6 and the other side 
prctectec by the ink supply needle 15, the second filter plate 
32 does not require a reinforcement such as the unwoven fabric 
hL zdz the first filter 31. However, the provision cf a 
reinfcrcinc unwoven fabric to the second filter plate 32, as 
the first filter plate 31, will enhance its shape retention, 
thu3 facilitating the mounting of the second filter plate 32. 

As describee above, the first filter plate 31 itself 
has a sufficient raechanical strength and he.nce the shape 
retenticn, sc that ic can be readily mountec. Moreover, since 
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the first filter plate 31 has a high meniscus magnitude in 
comparison with its low channel resistance, it filters out 
solid particles and so on and does not allow bubbles to pass 
therethrough until ink held in the foam material 23 is almost 
used up during printing, so that ink can be smoothly supplied 
to the recording head 6. 

While the foam material 23 is compressed by the 
protrusion 2G to enhance a capillary force near the protrusion 
26, the fcam material 23 may be pressed by providing the first 
filter plate 31 with a more sufficient mechanical strength. 

The second filter plate 32, with its characteristic, 
i.e., a low channel resistance, allows ink supplied from the 
ink cartridge 20 to smoothly flow into the throughhole 14 on 
the nozzle side, while further filtering out solid particles 
remaining in zhe ink to eliminate clogging of the recording 
head 5 . 

In whe embodiment, when ink is consumed by the 
recrrdinc head 5 for printing, ink absorbed in the foam 
mscerial 23 in the cartridge 20 is drawn out by the recording 
head 6, flov;s ir.to the ink supply needle 16 through the first 
filter plare 31 and the throughhole 27, and then flows into the 
filter chaxber 33 by way of the ink supply channel 15. 

Since the filter chamber 33 has a cross-sectional area 
substantially equal to the area of the ink supply port 15, ink 
ilcv.s into the reccrdinc head 6 through the throughhole 14 
v/itr.cut decreasing the flow rate. 
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Since the second filter plate 32 is arranged to 
diagonally traverse the filter chamber 33, the filter plate 32 
is ensured to have a sufficiently large opening area, so that 

it reduces a fluid resistance due to the filter plate 32 to a 
lowest possible value and accordingly suppresses a head loss. 
Also, since the filter plate 32 itself forms a high meniscus 
magnitude in comparison wirh a low channel resistance, it 
fillers o\iz solid particles and so on during printing, and does 
nou permir bubbles to pass therethrough until ink held in the 
foan materiel 23 is almost, used up, so that the ink is smoothly 
supplied zo the recording head 5 . 

In adzLzLon , since ink flcv;s substantially uniformly 
through the v.-hole surface of the second filter plate 32, no 
stagnation v.-ill occur on the filter plate 32, and ink flows 
into the recording head 5 after dust particles and bubble 
included in the ink have been removed by the filter plate 32. 

In scr.e instances, an ink- jet recording head may be 
formed v;ith £ plurality of columns of nozzle openings, for 
improving the zzz forming density, wherein each nozzle opening 
ociumn is mcepenoently provided v/ith a common ink chamber, and 
these noztle opening columns are shifted by one-half of the 
pitch of the nozzle openings each other to form a staggered 
errangement . 

rig. I illustrates one embodiment of an ink- jet 
reccrcinc head as rrtenticned above, v.-herein reference numeral 50 
designates = pressure generating chamber forming board which is 
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provided with two columns of pressure generating chambers 51, 
52 and has one surface sealed by a vibration plate 53. The 
vibration plate 53 is provided on its surface with individually 
seoerated lower electrodes 54, 55 corresponding to the pressure 
generating chambers 51, 52. Piezo-electric vibrators 56, 57 
are formed on the surfaces of the electrodes 54, 55, and an 
ucoer electrode 58 is formed overlying the plurality of piezo- 
electric vibrstors 56, 57. 

Reference numeral 59 designates a fixed board which has 
a function of fixing an actuator unit composed of the pressure 
ger.erauinc chariber forming board 50 and the vibration plate 5 3 
and 6 funcrion as an ink supply port forming plate for 
receiving ink supplied from the outside. The fixed board 56 is 
also .provided with communication holes 60, 61, 62, 63 
ccair*unicating with the pressure generating chambers 51, 52 at 
bcz'r. ends thereof, and wLzh ink introducing ports 57, 68 for 
indepencer.r ly supplying ink to tv;c common ink chambers 65, 65, 
later described. 

Reference numeral 59 designates a common ink chamber 
fcr-inc plaza v/hich defines the common ink chambers 55, 66 for 
supplying ink from the ink introducing ports 51, 68 to each of 
zhe pressure generating chambers 51, 5 2 through the 
cc.TjT.unication holes 60,. 62. The ink chamber forming plate 69 
has one surface sealed by the fixed board 59 and the other 
surface sealec by a nozzle plate 7C. The nozzle plate 70 is 
provided -.vith two columns of nozzle openings 71, 7 2 which 
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communicate with the respective pressure generating chambers 
51, 52 through communication holes 73, 74 of the common ink 
chamber forming plate 69 and the communication holes 61, 63 of 
the fixed board 59. 

Fig, 6 illustrates one embodiment of a recording head 
for color printing which includes recording heads 80 as 
described above mounted on a common head frame 81. From an ink 
cartridge partitioned into a plurality of chambers for 
independently storing ink of their assignsd colors, ink S'aT5Diy 
channels 83 of ink supply needles 82 to be inserted into 
recording heads 8C exter.d tov/erd the recorciinc heads 80. 

A head frame 81 connected to che ink supply channels 83 
of zhe ink supply needles 82 for supplying ink to the recordinc 
heads 80 is provided with a set of two rhrcughholes 84 , 85 such 
that ink can be independently supplied to tv/o ink introducinc 
ports 67, 68 of each recording head 80. 

A filter chamber formed by a gradually expandino 
portion is located in a region communicating the ink supply 
channel 83 v/ith the two throughholes 84, 85, and a second 
filter plate 86 is placed in the filter chamber. 

Figs. 7(a) and 7(b) illustrate enlarged views of the 
vicinity in which the filter plate 86 is placed. A lower end 
portion of the ink supply channel 83 is substantially 
hemispherically expanded to form an upper half of the filter 
chamber 87. On the recording head side, a hemispherical recess 
having substantially the same shape as the outer ceriphery of 
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the filter chamber 87 is partitioned into two filter chambers 
89, 90 by a partition 88 having a ridge line 88a passing 
through the central point thereof. The two filter chambers 89, 
90 are connected at their lower ends with throughholes 84, 85 
extending to the recording head 80, respectively. 

The throughholes 84, 85 are positioned such that they 
approach, in the horizontal direction, outside wails 89a, 90a 
at the upper ends of the filter chambers 89, 90. Sracnation is 
prevented from occurring on the outside walls of the filter 
chcmbers 69, 90. 

The aforementioned second filter plate 86 is secureiv 
sandv/ichec by the ink supply needle 82 and the head frame 81 az 
the boundary between the upper filter chamber 57 and the lower 
f liter charibers 85 , 90, such that the filter plate 86 is in 
contact with the ridge line 38a. 

According to the embodiment, since the upcer filter 
cha.T^ber 37 is substantially he.mispherically formed to provide 
a large vciume of spacing near the filter plate 86, the 
recording r.eac 80 can be supplied v/ith ink without cisturbinc 
the ink fltv even if bubbles cr the like attach to the inner 
.vail of the upper filter chamber 87. 

In addition, since the throughholes 84, 85 are arranged 
close tc the outside walls 39, 90 at the upper ends of the 
filter char.bers 89, 90 in the horizontal direction, stagnation 
likely tc cccur in a curved portion is prevented. Alsc, in the 
center pcrticn, the conically formed partition S2 forces ink to 
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flow along planar walls 88b, so that the recording head 80 can 
be smoothly supplied with ink, of course, without stagnation. 

Figs, 8(a) to 8(c) illustrate channels suitable for 
supplying ink from a single ink supply needle to four common 
ink chambers. An ink supply needle 92 is provided at its lower 
end with a filter chamber 94 smoothly expanding from an ink 
supply channel 93 in a cococn shape. Also on the head frame 
side, a filter chamber 96 is formed in a coccon shape having a 
narrowed central portion. A second filter plate 97 is placed 
on zhe boundary betv/een these filter chanibers 94 , 56. 

The l3v;sr filter chamber 95 communicates v/ith upper 
ends oi thrcughhoies 100 - 103 fcr supplying ink v;hich are 
fornied in align.Tient with the positions of ink introducing ports 
51, 53 of a recording head 98. VJithin the throughholes 100 - 
103, the tv;c throughholes 100, 103 located outside are 
ccsiticned 5uch that their outside v;alls are aligned with the 
v;all surfaces zz the filter chambers 94 , 96. These 
throughholes 17 0 - 103 ccmnunicate with each other through a 
narrov; crccve r6a. In addition, unlike the embodiments 
illustrated ir. Fics . 6, 7, all of the throughholes 100 - 103 
ccr-T.unicate ir. the filter chamber 55 with a fixed spacing 
ensured between the lower surface of the filter 97 and the 
respective thrcuchhoies ICO - 103. 

Acccrdinc tc the e.mbcdin;ent , even if unbalanced suction 
cressure ccrurs cetween four ccrrjr.c.-: ink chambers v;hen ink is 
supplied frcr. the single ink supply needle 9 2 tt the four 



common ink chambers^ a uniform pressure prevails in the whole 
filter chamber 96 since all the channels 100 - 103 communicate 
in the lower filter chamber 96 without intervention of the 
filter plate 97. Thus, ink can pass through the whole surface 
of the filter plate 91, and a pressure loss due to the filter 
plate 97 is reduced as much as possible. Furthermore, even if 
bubbles or the like attach to the filter plate 91, it is 
oossible to avoid inconveniences such as disabled supply of ink 
zo Gsrc c f the con\n?-Q-n ink ciiajnbers . 

In addition, since the filter chambers 54, 96 are 
forn^ed in a cocoon shape so as to cover all the throuchholes 
iOC - 103 and provided with large volumes as compared v.-ith the 
opening areas of the throughholes 100 - 103, even if bubbles 
are introduced into the filter chamber 94 formed in the ink 
supply needle 92 and the bubbles inflate therein, the filter 
chaniber 94 can absorb the inflating bubbles v/ith the large 
vcl-^me to maximally prevent the bubbles from attaching to the 
filter plate 97. 



sides can also be supplied with ink in a v;eil balanced .-nanner. 
Furtherniore , since the throughholes IOC, 103 on both sides are 
forn-.ed such that uhe outside v/alls thereof are aligned v.-ith the 
end wall surfaces of the upper filter chamber 94, stacna-ed ink 



Further, 



since 



a portion iTjnediately below zhs ink 



supply needle 9 2 is narrcv/ec, the thrcughhole 1 



100, 103 cn both 



can be eli.Tiinatec in end portions . 



Further, since the Icwe 



r surface of the filter ol 



ate 97 
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is not in contact with a partition for branching the respective 
channels 100 - 103, attachment of bubbles to the lower surface 
of the filter plate 97 can be prevented maximally. 

Figs. 9(a) and 9(b) illustrate another embodiment of a 
structure for independently supplying ink from a single ink 
supply needle to two common ink chambers. An ink channel ill 
of an ink supply needle 110 is formed at its lower end with a 
funnel-shaped filter chamber 112 gradually expanding ccv/ard the 
reeor^log head side. A head frame 113 is provided with 
thrcuchholes 114, 115 which communicate wi-h respsrtive ccrvs^icr. 
ink cha.^cers of a recording head. The upper ends of the 
thrDuchholes 114, 115 are partitioned by a parti~icn 115 and 
ccnneczec zc filler chambers 117, 118 graduallv excandinc 
uoward "he ink supply needle side, and a second filler olate 
lis is placed to be in contact with the partition il6. 

In rhis en^codiment, ink flowing from an i.nk carrricce 
in::c rhe ink supply needle 110 is once accumulated in the 
funnel-shared filter chamber 112, passes through the filter 
plate llr lacing the filter chamber 112 to the lower filter 
cne.T.bers 11", liS, and flcv;s into, the recording head throuch 
the thrtugnhcles 114, 115 . 

The filter chamber 112 is formed in a funnel shape to 
have a gradually larger cross-sectional area, and the iov/er 
lilter cha.T.bers 117, 118 receiving ink froir. the filler chamber 
111 are separately defined, so that ink flows thrcucn these 
char.bers v/lthcut stagnation. In addition, since the filter 
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plate 119 having a large cross-sectional area is placed on the 
boundary of these filter chambers, a head loss is reduced. 

While in the foregoing embodiment , an inflow port and 
an outflow port are positioned on the same line, the 
throughholes 114, 115 communicating with the recording head may 
be offset from the central axis of the ink supply needle 110 bv 
a fixed amount Ad in the horizontal direction, as illustrated 
in Fig. 10, to have ink flow down diagonally relative to the 
filter plate 119. In this way, the ink passes through a larger 
area of the filter plate 119 so that a head loss due to the 
filter plate 119 can be reduced. 

Also, in the foregoing embodiment, the lower filter 
chajubers are formed. Alternatively, as illustrated in Fig. 11, 
three cr more throughholes 120, 121, 122, 123 may be equally 
offset from the central axis by a fixed amount Ad so as to be 
positioned along the outer periphery of an ink supply needle, 
such that the respective throughholes 120, 121, 122, 123 are 
connected to individual ink introducing ports of a recording 
head, cr they are joined to be connected to a single ink 
intrcducinc cert of a recording head. It will be apparent that 
the latter structure also provides similar actions. 

For accomplishing a further improvement in the quality 
of color prints produced by an ink- jet printer, the recording 
nead 6 may be implemented by such one that is capable of 
incepende.-.tly ejecting ink of five colors including light cyan, 
deep cyan, light T.age.-.ta, deep .-nagenta, and yellow, it should 
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be noted that since yellow is essentially a light color and the 
provision of two different types of yellow color, i.e., light 
and deep would not result in remarkable effects, only deep 
yellow is generally used. 

Correspondingly, a head frame 122 on which a recording head 130 of the type 
mendoned above is fixed is provided with a cartridge holder 123 which carries an ink 
cartridge 7 (Figs. 12(a), 12(b), 15(a) and 15(b)) having storage chambers CI, C2, Ml, 
\IZ. Y for storing ink of the five difference colors, respecuveiy. 

-ccer end side cf zhe caruricce holder 122, a lie 
125 is =rr=r.red frr nivcral ncvemenr abou" shafts 124. When an 
ink car'zriiire 2 is dropped Lr.zz a carcricce cha.T.cer 125 and zhe 
lid 125 is riveted dovz-nvardly with zhe ink carwridce 7 
acccnatcdazed in zhe cartridge chariber 125, ink supply needles 
'3', ^3^/ *^~' 134/ 135 can be inserted inzo tihe ink carzridce 

be relieve! frm zne cartncce cnarr^oer - - - • 

iucclv channels fcrr.ed in zhe abcve-menticned head fraxe 122, 
v/herein reference nurr.erals 13 1, 1 2 2 , 1 33 , 134 , 135 designate 
ink supply neecles having rhe sarae ccr.f igurazicn v/hich are 
fixed cn z'r.e head frame 122 in a liquid zighr szruczure. The 
ink succlv needles are aligned cn a straight, line LI with a 
fixed interval 1 wherebecv;een sc as zo race ink supply ports 
15 1, 15 2 , 15 3 , 15 4.. 155 .ri^. 15} of the ink cartridge 7, 



'BAD ORtGlNMi. ^ 



-19- 



head frame 122 at alternate heights so that the positions of 
adjacent tips 131a, 132a, 133a, 134a, 135a are offset by a 
height difference AH. 

The recording head 130 has ink introducing ports 161, 
162, 163, 164, 163 aligned on the same straight line L2 which 
are capable of independently receiving ink of corresponding 
colors supplied thereto. The recording head 130 is fixed on 
the head frame 122 such that the straight line L2 is offset by 
a slight distance AL from nhe straight line LI on which the ink 
supply needles 131, 132, 153, 134, 135 are aligned. 

The head frame 112 is provided v/irh throuchholes 171, 
172, 173, 174 , 175 frcn positions opposite to the ink 
intrcducin? ports 151 , 162, 163, 164, 165 of the recording head 
13C so as ZD ensure a length AL or more extending horizontally 
in parallel v/ith the ink supply needles 131 , 132, 133, 134 , 
135. For exanole, taking the ink introducing port 143 as an 
exa.T.ple, the channel frcn the ink supply needle 13 3 to the 
throuchhole 17 3 extends substantially in the horizontal 
direction, hcwever, directs slightly dcvmwardly tcv.-ard.the ink 
intrcducinc ocrt 163, and is connected to the ink introducing 
pert 163 through a hcritcntal filter chamber 183 having a v;idth 
substantially equal to the diameter of the ink supply needle 
133, as illustrated in Figs . 14(a) and 14(b). 

In respective filter chambers 181, 132, 133, 184, 135, 
= eccnd filter plates 151, 152, 193 , 194 , 195 are securely 
cuncv/iched betv;een the head frame 122 and the ink supply 

/ 
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needles 131, 132, 133, 134, 135, respectively, to extend in the 
horizontal direction. 

In the erabodiment , when an ink cartridge 7 is inserted 
into a cartridge chamber 126 and a lid 125 is pivoted 
do\>mwardly, the ink cartridge 7 is lowered so that the ink 
supply ports 151, 153, 155 come into contact with the ink 
supply needles 131, 133, 135, the tips of which prorrude by i:H 
from the ink supply needles 132, 134 (Fig. 15(a)). 

When the lid 125 is further pivotsc dowr.vvardiy from the 
state menticned above zo push the ink cartridge 7 Lr.zo the 
cartridge chanber 125, zhs ink supply needles 131, 133, 135 
only are inserted into zhe ink supply pcr's 151, 153, 155 of 
the ink cartridge 7. Then, the ink supply needles 132, 134 
positioned lower than the ink supply needles 131, 133, 135 come 
into contact v/ith the ink supply ports 152, 154, respectively 
(Fig . 15(b)}. 

In zhe szatec illustrated in Fig. 15 (b), since the ink 
supply needles 121, 132, 135 have already been inserrec in the 
ink supply pcrzs 151, 153, 155, respecrively , so that a 
relatively snail force is only required zc insert all zhe ink 
supply needles 131 - 135 into the ink supply ports 151 - 155. 

With the ink cartridge 7 mounted or. zhe recording head 
i3G, when the reccrcing head 130 is sealed by a cap 10 and a 
negative pressure is applied to nozzle openings of the 
reccrcing head 130, ink stored in the respect^ive storage 
char/cers CI, C2, Ml, Ml, V cf the ink cartridge 7 flows from 
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the ink supply needles 131 - 135 into the recording head 130 
through the filter chambers 181 - 185- 

The channels connecting the ink cartridge 7 to the 
recording head 130 are partially constituted of the horizontal 
filter chambers 181 - 185 which extend substantially in the 
horizontal direction and have a width substantially equal to 
the diamerer of the ink supply needles 131 - 135^ and the 
fil;:er plates 191 - 195 are placed in the respective filter 
chambers iSl - 185 so as to diagonally traverse the ink 
channels, so that the cross-sectional area of the filter plates 
iSl - 195 can be mace large as compared v/ith the cross- 
sectioncl area of the channels, whereby a stacnated ink flow 
car. be eli.Tiinated in the channels and the channel resistance 
car. be reduced, thereby making it possible to promptly remove 
bubbles and smoothly supply ink to the recording head 130. 

In the embodiments as described above, the 

channel resistance can be made as uniform as possible even if 
variations are present in the lengths of the channels 
connecrinc the ink supply needles 131 - 135 -o -he ink 
intrDcucing ports 151 - 165 of the recording head 120, thereby 
ma>inc it possible to increase the freedom in designing the 
reccrcing head and the ink cartridge, i.e., providing a reduced 
size of the recording head, a larger ink cartridge, and so on. 

Fig. 16 illustrates another embodiment of the present 
inven^icn in a chan.nel, taken as an example, -.vherein a filter 
chancer 133 communicating an ink supply needle 133 v/ith a 
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throughhole 163 formed in the head frame 122 has an upper wall 
183a above a filter plate 193 inclined upwardly toward the ink 

supply needle 133 and is partitioned into upper and lower 
spaces by the filter plate 193 such that the volume of the 
upper space above the filter plate 193 is larger than the 
volume of the lower space under the same. 

According to this embodiment, even if a bubble B having 
introduced into the ink supply needle 133, for example, during 
exchanging a cartridge, is expanded due to a temperature rise 
or rhe like, the bubble 5 can be held above the filter plate 
192 and moved upwardly along the inclined wall IS 3a of the 
filler charaber 183, thereby preventing the bubble 5 frcm 
attaching zo the filter plate 83- 

It v;ill be apparent that while the foregoing 
emcccintents are structured such that the ink cartridge is 
rerr.cvec by rr.oving it in the vertical direction, similar actions 
car. also be made when the present invention is applied zo a 
structure in v.-hich the ink cartridge is removed by moving it in 
the horizcnwal direction. 

It v;ill be aisc apparent that v;hiie the foreccinc 
emccci.T.en w5 have been described in connection with a reccruing 
head using a single cartridge for storing ink cf five colors, 
by v.'iy cf example, similar actions can also be made when the 
present invention is applied to a recording head using a 
-artricge fcr storing ink cf six colors or separate cartridges 
:cr independently storing ink of three light colors and ink cf 
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three deep colors, respectively. 

It will be further apparent that while the foregoing 
embodiments have been described in connection with a recording 
head fixed on a cartridge, by way of example, similar actions 
can also be made when the present invention is applied to an 
add-on type which has a cartridge holder removably mounted on 
a carriage and a recording head arranged in the cartridge 
holder. 

In rhe pres-ent invention as described above., a 
horizcnrally inclined filter chamber is formed in part of an 
ink supply channel having one end connected to an ink supply 
source and the orher end connected to an ink- jet recording head 
and providsd v/irh a filter plate in the middle thereof, and the 
filter plate is placed to obliquely traverse the filter 
chamber, sc thaz ink can flow substantially uniformly over the 
v/hcle cross-secticnai area of the ink channel. It is therefore 
possible t- preven- bubbles from stagnating in the channel, 
increase an effective area of the filter plate to reduce the 
cnannel resiscance, and accordingly decrease a head loss. 

As an aliernative to and/or in addition to the ink supply needles 131, 132, 133, 
134, 135 being at different heights, the same advantage could be achieved by configuring 
the ink supply pans 151. 152. 153, 154, 155 such that engagement of all the needles 
with all the pans does not occur simultaneously, so that less force is required to connect 
the ink canridge. 
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CLAIMS 

1. A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having at least one channel formed therein, the channel comprising a 
first portion accommodating a filter layer, and second and third portions for allowing ink 
to flow between said first portion and the ink-jet recording head and the first portion and 
the ink cartridge respectively, the arrangement being such that the area of said filter layer 
is greater than the cross-sectional area of said second and/or third portions. 

2. A coupling member according to claim 1, wherein the filter layer extends 
obliquely across said channel. 

3. A coupling member according to claim 1 or 2. wherein said second and third 
portions are substantially parallel and axially misaligned, said first portion is inclined 
relative thereto, and the filter layer extends across said first portion in a direction 
substantially perpendicular to the axes of the second and third portions. 

4. A coupling member according to claim 1. wherein said first portion comprises an 
upper filter chamber connected to said third portion and gradually expanding toward the 
ink-jet recording side, and a plurality of lower filter chambers each gradually expanding 
toward said ink cartridge side and formed under said upper filter chamber; and wherein 
said second portion comprises a plurality of throughholes for connecting said lower filler 
chamber to said ink-jei recording head, and said filter layer is positioned between said 
upper filter chamber and said lower filter chamber. 
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5. A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having a body with a plurality of ink supply channels formed therein, 
each of said channels terminating at one end thereof in an ink supply needle formed on 
said body, the ink supply needles, in use, engaging with supply ports of the ink cartridge 
to supply ink to the recording head, wherein the ink supply needles are arranged such 
that the resistance which occurs when each needle engages each supply port occurs at 
different times for different ones of the needles. 

6. An ink-jet recording apparatus comprising: 
an ink-jet recording head for ejecting ink: 
an ink supply cartridge having a plurality of ink supply ports: 
a coupling member for coupling the ink-jet recording head to the ink supply 
cartridge, the coupling member having a body with a plurality of ink supply channels 
formed therein, each of said channels terminating at one end thereof in an ink supply 
needle formed on said body, the ink supply needles, in use, engaging the ink supply 
ports of the ink canridge to suply ink to the recording head, 

wherein the ink supply needles and/or die ink supply ports are arranged to 
cooperate such that the resistance with occurs when each needle engages each supply port 
occurs ai different limes for different ones of the needles. 
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. 7. An ink- jet recording apparatus comprising: 
an ink- jet recording head for ejecting the ink; 
an ink supply channel connecting an ink cartridge for 
storing ink and said ink- jet recording head, said ink supply 
channel having a portion inclined in relation to the horizontal 
direction formed in said ink supply channel; and 

a filler plate placed so as to diagonally traverse said 
inclined portion. 

8. An Lnk-iez recording apparatus comprising: 
ar. in>:-jez recording head for ejecting zhe ink; 
ar. ini-: supply channel connected to an ink cartridge for 
SwOrinc ink; 

an upper filter chamber connected to said ink supplv 
chanr.ei and gradually expanding toward said ink- jet recording 
head side; 

a plurality ijf lower filter chambers each craduallv 
expanding tt;vard said ink cartridge side and formed under said 
upper filter chan^ter; 

a plurality or throuchholes connecting to said lower 
filter chajT.bez and said ink-let recording head; and 

a filter plate placed between said upper filter chamber 
and said lov/er cha.'nbers . 

9- 'The ink-jet recording apparatus acccrdinc tc claim 
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8, wherein said lower filter chambers are offset relative to 
said upper filter chamber in the horizontal direction. 

10. The ink- jet recording apparatus according to any of 
one of claims 8 or 9, wherein said ink- jet recording head 
includes common ink chambers and ink introducing ports formed 
in said each common ink chambers, and said throuchholes are 
connected to said each ink supply ports. 

11. The ink- jet recording apparatus according to ciairn 
8 further ccmprising a partition separating said lower filter 
chaTibers , said partition having a triangular pyramidal cross- 
sec-ion and a tic of said partition being contacted with the 
filter plate. 

12 . The ink-jet recording apparatus according tc claim 
8, wherein said plurality of iov;er filter chambers comnunicats 
wit.n each other below said filter plate. 

13. The in.-:-jet recording apparatus accordina to ciai.Ti 
8, v/herein said throuchholes communicating with said plurality 
of lower filter chambers are positioned as close as possible to 
vertical lines extending from wall surfaces of said upper 
filter chamber. 

14. The ink- jet recording apparatus according to claim 
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7, wherein said filter plate is formed of a sintered unwoven 
fabric made of metal fibers having a high void ratio and a 
small mesh size. 

15. An ink- jet recording apparatus comprising: 
an ink-jet recording head for ejecting the ink of a 
plurality of colors; and 

a olurality of ink supply needles engaging with ink 
supolv norrs of an ink cartridge for storing ink of a plurality 
of colors CO supply ink to said recording head, adjacent ones 
cf said ir.k supply needles being arranged zc have a height 
cif f erence therebetween . 

1 C. The ink- jet recording apparatus according to clai.T. 
15, wherein said ink supply needles has five needles and said 

ink has five colors including light cyan, deep cyan, licht 
i^acenca, deep magenta and yellow, and the tips of the central 
ink supply needle and of the ink supply needles cn both sides 
protrude a fixed length relative to the tips cf the remaininc 
ink supply needles. 

17. The in.k-jet recording apparatus according to claim 
1 6, v/herein said ink- jet recording head has ink introducing 
ports, said ink supply needles a.nd said ink introducing ports 
are aligned on first and second straight lines, respectively, 
the first and second straight lines are spaced by a distance 
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larger than the diameto* of said ink supply needles in the horizontal direction, said ink 
supply needles and said ink introducing ports are lespectivdy connected by channels 
each extending substantially in the horizontal direction and having a width substantially 
equal to the diameter of said ink supply needle, and filters are horizontally placed in said 
channels. 

18. The ink-jet recording apparatus according to claim 7, wherein said channel is 
partitioned by said filter plate such that the upper portion thereof has a larger volume 
than the lower portion thereof. 

19. The ink-jet recording apparatus according to claim 16, wherein an internal upper 
surface of said channel is inclined upwardly toward said ink supply needle side. 

20. The ink-jet recording apparatus according to claim 7, further comprising another 
filter plate which is placed between said ink cartridge and said ink supply channel. 
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21. An ink-jet recording apparatus substantially as hereinbefore described with 
reference to and/or as illustrated in any one of and/or any combination of the 
accompanying drawings. 

22. A coupling member for coupling an ink-jet recording head to an ink canridge 
subsiantiaiiy as hereiribefGrs described with reference to and/or as illustrated in any one 
of and/or any combination of the accompanying drawings. 
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Amendments to the claims have been filed as follows 

1. A coupling member for coupling an ink-jei recording head to an ink cartridge, the 
coupling member having at least one channel formed therein, the channel comprising a 
first portion accommodating a tllter layer, and second and third portions for allowing ink 
to rlow between said first portion and the ink-jet recording head and the first portion and 
the ink cartridge respeciiveiy. the arrangement being such that the area of said filler layer 
is greater than the cross-sectional area of said second and/or third portions. 

2. A coupling member according to claim i. wherein :he filter layer exicnds 
obliquely across said channel. 

3. A coupling member according to claim I or 2. wherein said second and third 
portions are substantially parallel and axially misaligned, said first portion is inclined 
relative thereto, and :he filter layer extends across said first portion in a direction 
substantially perpendicular to the axes of the second and third portions. 

4. A coupling member according to claim i. wherein said first ix)rtion comprises an 
upper tiller chamber connected to said third portion and gradually expanding toward th-j 
ink-jei recording side, and a plurality o\' lower filter chambers each gradually expandiiii: 
toward said ink cartridge side and formed under said upper tiller chamber: and wherein 
said second portion comprises a plurality of throughholes for connecting said lower filler 
chamber to s;iid ink-jet recording head, and said filter layer is ix)siiioned between said 
up})er tllter chamber and said lower tllter chamber. 
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5. A coupling member for coupling an ink-jet recording head :o ;in ink cartridge, the 
coupling member having a body with a plurality of ink supply channels formed therein, 
each of said channels terminating at one end thereof in an ink supply needle formed on 
said bcxly. the ink supply needles, in use. engaging with supply pons of the ink cartridge 
to supply ink \o ihe recording head, wherein the ink supply needles are arranged such 
that the resistance which occurs when each needle engages each supply port occurs at 
different anoes far differ^::: ::nes M the ii^^etilei. 

o. An ink-Jei recording apparatus comprisiiig: 
an ink-jet re;.'orcing head for ejecting ink: 
an ink suppiv jariricge iiavmg a plurality oi ink supiiiy pons: 
a jouplini: mennu-r for coupling iri;<-»e: recording head :o -he ink supply 
cartridge, ihe voupiini* ;r.Lr:nber having a body wiili a piuraiiiy o\ :nk iupply channels 
ror»^ied :herein. each of said channels terminating at one end :hercv)f in an ink supply 
accdic rormed on said btniy. the ink suppiy needles, in ise. engai:ing the ink supply 
pv»ri.s of :hc ink cariruigc :o supiy ink to the recording head, 

wherein ttie ir.k suppiy needles and/or :he ink suppiy ports are arranged to 
cuoperaie such ih.ai liie resistance with occ:irs when cacii iKviilc c:ii:age> oach supply port 
occurs at diffcrcr.i inncs lur Jiffcrcn; ones of ihe needles. 
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7. An ink- jet recording apparatus co-prising: 
an in:-:-jet recording head for ejecting the ink; 
an ink supply channel connecting an ink cartridge for 
storing ink and said ink- jet recording head, said ink supply 
channel having a portion inclinec in relation ::c the horizontal 

said ink supply channel; and 



:or 
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8, wherein said lower filter chambers are offset relative to 
said upper filter chamber in rhe horizontal direction. 

10. The ink- jet recording apparatus according to any of 
one of claims 8 or 9, v/herein said ink- jet recording head 
includes common ink chambers and ink intrrducinc ports formed 
in saic earn conmcn ink chi^c^rs, an~ 5C:ic: cnr::urhhGies are 
connec-ed t? said each ink sizziv cczzr . 




1, wherein said filter plate is formed of a sintered unwoven 
fabric made of metal fibers having a high void ratio and a 
small mesh size. 

15. An ink- jet recording apparatus comprising: 
an ink-jet recording head for ejecting rhe ink of a 
piuraiity zt colors; and 

a plurality of ink supply needles engaging v.-ith in> 
supply pcr-s of an ink cartridge for storing ink ci a plurality 
cf cclDrs -o supply ink to said recording head, adjacent cp.es 
cf said m/. supply needles being arranged zz r.a-^ a heigh. 
difference: cherecetveen . 

: G. The ink-:et recording apparatus according zz zlair. 
15, v.herein sale ink supply needles has five needles and said 
ink has riva czlcrs including lighc cyan, deep zyan, lichc 
r-agent-, n^ec ::a;enc5 anc yellov;, and the cips cf -he -envrvil 
ink supply needle anc cf the ink supply needles zn ccch ^ides 
prccruce :: fi:-:ec lencrh :;elacive to che dps cf che r^^-ii:-.::'.^ 
ink £upr ly n^edle£ . 

17. ?he ink-;5i: recording apparacus acccrdmg zz clair. 
1 6, v.hei^ir. sale in!:--j-rC recording head has ink incrcducing 
ports, sale ink supply needles and said ink mcrrducinc pcrcH 
i:r-. - Linn-:^:: z:\ first and second scraicht lines, rezpe .:tively , 
tn-; ::.r£t f-nd sezj-c straight lines sre spaced cy a cistance 
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21. An ink-jet recording apparatus substantially as hereinbefore described with 
reference to and/or as illustrated in any one of and/or any combination of the 
accompanying drawings. 

22. A coupling member for coupling an ink-jet recording head to an ink cartridge 
substantially as hereinbefore described with reference to and/or as illustrated in any one 

ot and/or any con^bi nation of the accQnipanying -drawings. 

23. A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having ai least one channel formed therein, the channel comprising a 
first poriion accommodating a filter layer, and second and third portions for allowing ink 
to flow between said first portion and the ink-jet recording head and the first portion and 
the ink cartridge respectively, wherein: 

the second portion comprises at least one throughole; 

the first portion comprises an upper filter chamber connected to the third portion 
and at least one lower filter chamber connected to a respective throughole; 

the third portion and the at least one throughole are substantially parallel and 
axially misaligned and the at least one lower filter chamber is inclined in relation thereto; 
and 

the filler layer is positioned between the upper filter chamber and lower filler 
chamber, such that the area of said filler layer is greater than the cross-sectional area of 
said second and/or third portions. 
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24. A coupling member as claimed in claim 23, comprising one throughole and 
respective lower filter chamber, and wherein the cross-sectional area of the third portion, 
the upper filter portion, the throughole and the lower filter chamber are substantially 
equal. 

25. A coupling member as claimed in claim 23, comprising a plurality of througholes 
and respective lower filter chambers, wherein the upper filter chamber gradually expands 
toward the ink-jet recording side, and the plurality of lower filter chambers each 
gradually expand towards said ink cartridge side. 

26. A coupling member as claimed in any of claims 23 to 25 further comprising a 
partition separating said lower filter chambers, said partition having a triangular 
pyramidal cross-section and a tip of said partition being contacted with the filter layer. 

27. A coupling member as claimed in any of claims 23 to 25, wherein said plurality 
of lower filler chambers communicate with each other below said filter layer. 

28. A coupling member as claimed in any of claims 23 to 25, wherein said 
througholes communicating with said plurality of lower filter chambers are positioned as 
close as possible to vertical lines extending from wall surfaces of said upper filter 
chamber. 

29. A coupling member as claimed in any of claims 23 to 25, wherein said filter layer 
is formed of a sintered unwoven fabric made of metal fibers having a high void ratio and 
a small mesh size. 
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An ink-jet recording apparatus comprising: 
an ink-jet recording head for ejecting ink; 

an ink supply cartridge having a plurality of ink supply ports; and 
a coupling member as claimed in any preceding claim. 
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